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(54) Gepirone dosage form 

(57) Gepirone compositions having extended 
release properties contain a gepirone salt, a cellulosic 
polymer matrix and suitable quantities of pharmaceutical 
excipients. Dosage forms based thereon require 18 to 
24 hours for release of 90 to 95% of gepirone. 
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Description 

The invention relates to an extended release formulation, preferably in the form of a tablet or other oral dosage form, 
for slowly releasing the medidnai agent, gepirone. 
5 Gepirone and Its salts are antidepressant and anxiolytic agents They are typically used to treat depression, dys- 
thymia, impulse disorders, panic attacks and the like. Gepirone has a short half-life when orally administered in imme- 
diate-release formulations. Its time to maximum drug concentration in the bloodstream (Tmax) Is about 1 hour and its 
T-50 (i.e. time until 50% of the drug has been released under controlled jn vitro conditions) is about 2.5-3 hours. Because 
of its rapid metabolism, gepirone has been administered in the past In several small dosages— e.g., 5 to 10 mg. doses, 
10 2 to 3 times per day. This multiple dosing scheme can lead to compliance problems. Failure to take the second or third 
dose results in unacceptably low plasma levels of gepirone. 

Also, studies indicate that, for 1 5 to 20 hours after administration, oral immediate release gepirone formulations can 
yield significant variations in human plasma concentrations. 
Gepirone has the names: 

15 

{ 1 ) 4.4-dimethyl- 1 -[4-[4-(2-pyrimidinyl)- 1 -pipera2inyl]butyll-2.6-piperidinedione, and 
(2) 3,3-dimethyl-1 -[4-[4-(2-pyrimidinyl)-1 -piperazinyl]butyll-glutarimide. 

It can be effectively administered using its hydrochloride salt, gepirone hydrocWoride (gepirone HCI). The prepara- 
20 tion of gepirone hydrochloride is described in Example 7 of U.S. Patent 4.423.049 to D.L Teimple et al. 

Geplrone's principal metabolite is 1 ■(2-pyrimidinyl)pipera2ine (1-PP). The release of 1-PP is believed to be respon- ■ 
sible for adverse side effects. Such side effects include dizziness, nausea, headache and drowsiness. 

It has been discovered that gepirone can be orally administered in once-a-day extended release (ER) dosage forms 
which contain gepirone hydrochloride, a cellulosic polymer matrix and suitable amounts of pharmaceutical excipients. 
25 The resultant gepirone ER formulations yield oral products which require about 19 to about 24 hours to release 90 to 
95% of the active agent, gepirone. 

The invention deals with these fonmulations. dosage forms based thereon, and methods for the preparation and use 
of both. 

Figure 1 is a plot of the mean plasma level of the active agent, gepirone, versus time for the dose regimens specified. 
30 Figure 2 is a graph showing mean plasma concentrations of geplrone's principle metatx)lite, 1-(2-pyrimidinyl)plper- 
azine (1-PP), versus time for the dose regimens specified. 

Figure 3 shows, for the three treatments indicated, percent drug dissolved in vitro, plotted against time following 
administration (8 hours maximum). 

Figure 4 indicates plots of mean percent gepirone absorbed in vivo vs time after ER administration, for the treatments 
35 recited. 

The experimental procedures used to generate the data shown are discussed in more detail infra . 
The composition, dosage forms and methods of the invention have several advantages over immediate-release 
gepirone systems. 

Patient compliance is better because the ER dosage forms need be taken only once in a 24-hour period. Thus, 
40 plasma concentration levels do not vary unacceptably — i.e., give high initial drug levels that are associated with the 
incidence of unwanted side effects, as well as having rapid drops in drug levels to below therapeutic levels — when the 
ER dosage forms are administered. 

As a second advantage, the side effects generally associated with high metabolite (i.e. 1-PP) levels are minimal 
with the ER product. 

45 As another a^ect of the invention, certain tablets made in accordance with the Invention have an oval shape, which 
enhances their surface area and improves the release of gepirone therefrom. 

In representative embodiments, an extended release oral dosage form for gepirone administration contains, in weight 
percents: 

so (a) about 0.6 to about 1 0.7% gepirone hydrochloride. 

(b) about 72.7 about to 82. 1 % hydroxypropylmethylcellulose having a viscosity of from about 1 5.000 to about 1 00.000 
cps., 

(c) about 0 to about 0.3% iron oxide. 

(d) about 11.0 to about 16.7% microcrystalline cellulose. 
55 (e) about 0.42 to about 0.47% colloidal silica, and 

(f) about 0.3 to about 1.0% magnesium stearate. 

As Figures 1 and 2 indicate, the mean plasma concentrations of gepirone and 1-PP in man after ingesting oral 
gepirone have been plotted against time. Comparison of these plots indicates that, overall, plasma levels of the 1-PP 
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metabolite are somewhat higher than levels of gepirone. ft is noteworthy, then, that the incidence of side effects asso- 
ciated with high 1-PP levels decreases when gepirone ER is ingested. 

When ER gepirone was orally administered to human subjects. Tmax averaged about 4.8 to about 5.6 hours. Com- 
pare these values to an average IR dosage Tmax value of about 1 .3 hours. 
5 Rgure 3 shows in \ntro drug dissolution profiles over 8 hours. Note that significant solution gepirone levels result in 
30 minutes, with 60 to 80% release of drug into solution in 8 hours. 

Figure 4 demonstrates that gepirone is absorbed continuously from the ER dosage form well beyond 24 hours. 
Thus, absorption and jn vivo delivery for up to 30 hours can be attained using gepirone ER. On average, about 18 to 
about 24 hours was required to attain about 90 to about 95% absorption of gepirone from the ER formulation. 
10 Also, Rgure 4 shows that there is no premature release or "dose dumping" of gepirone from the ER formulation. 
For T-50 values of 2.5 or 5 hours, oral gepirone ER is absorbed at about the same rate when administered In 20 and 25 
mg doses. 

The gepirone ER composition and dosage forms of the invention are designed to deliver an effective anxiolytic 
amount of gepirone or a pharmaceutically acceptable salt thereof to a mammal, preferably a human patient. 
IS Effective doses of about 0.01 to 40 mg/kg body weight are contemplated. For certain central nervous system dis- 
orders. 15 to 90 mg/day, preferably 30-60 mg/day. are recommended. See U.S. 4,771,053 to Cott et al. 

The invention deals exclusively with the administration of gepirone and its salts via orally-ingested dosage forms. 
Thus tablets, capsules, caplets, lozenges, powders, suspensions, syrups and the like are suitable forms. The use of 
tablets is preferred. 

Applicants have found that the dissolution properties of their gepirone hydrochloride compositions are enhanced 
when they are administered via taNets having a convex shape. Such tablets can be made using a tablet press equipped 
with concave tablet tooling. 

Spherical, i.e., round, tablets and capsule-shaped tablets were effective, but are less preferred. 

The oral compositions may contain a variety of conventional pharmaceutically acceptable excipients in effective 
25 amounts suitable for their respective functions. Thus, suitable amounts of conventional additives, such as the following, 
are useful: polymeric matrixes (e.g. chitosan. hydroxyalkylcelluloses), auxiliary binding agents (e.g. syrup, acacia, gel- 
atin, sorbitol, tragacanth. or polyvinyl pyrrolidone). fillers (e.g. lactose, sugar, maize-starch, calcium phosphate, sorbitol 
or glycine), lubricants (e.g. magnesium stearate, cellulose, talc, polyethyleneglycol or silicas), disintegrants (e.g. starch), 
wetting agents (e.g. sodium lauryl sulfate), colorants (e.g. iron oxides) , etc. Mixtures of agents of these types can be used. 
30 Generally, the compositions of the invention will contain from about 0.5 to about 1 2.0 wt% of the active pharmaceu- 
tical agents and from about 99.5 to about 88.0 wt% of combinations of sustaining agents and other excipients. 

For oral formulations and dosage forms, the use of a polymeric cellulose matrix, or sustaining agent, is preferred. 
Suitable matrixes include hydroxyalkylsubstituted alkylceliuloses having viscosities of about 1 5,000 cps to about 1 00.000 
cps. Hydroxymethyl propylceliulose (HPMC) of grades K15M and K100M (i.e., 15,000 and 100,000 cps. respectively) 
35 are highly prefen'ed. 

The replacement of some or all of the HPMC matrix with dicalcium phosphate or lactose generally Increases dis- 
solution rates. 

Prefenred oral formulations contain gepirone hydrochloride (gepirone HCI) and are administered as tablets having 
hardnesses of about 12 to about 25 SOU, with 16 SCU most preferred. 
0 By *lotal coloranf applicants mean the sum of the concentrations of all colorants used In a formulation. 

PREFERRED EMBODIMENTS 

Unless stated otherevise. all percentages recited herein are weight percents. based on total composition weight. Ail 
45 disclosures referred to herein are hereby incorporated by reference. 

Processing Procedure 

The compositions of several dosage forms made are shown in Tables 1 and 3, infra . The gepirone HCI was made 
so in accordance with procedures described in U.S. 4.423,049. The hydroxypropyl methylcellulose (HPMC) is the dissolution 
sustaining agent. The iron oxides were the colorants, colloidal silicon dioxide was the glidant. microcrystalline cellulose 
(MCC) is the compressbility aid (or binder) and magnesium stearate is the tabletting lubricant. 
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The following scheme is a flow chart for the production of gepirone ER blends: 
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GEPIRONE HCl 
COLORANT • 

COLLOIDAL SILICON DIOXIDE 
HYDROXYPROPYL METHYLCELLULOSE (20%) 



BLEND 



COMMINLTTE 



15 



20 



25 



30 



35 



40 



MICROCRYSTALLINE CELLULOSE 
MAGNESIUM STEARATE (HALF) 
HYDROXYPROPYL METHYLCELLULOSE (REMAINDER) 



MAGNESIUM STEARATE (REMAINDER) 



BLENT). 



SLUG 



COMMINUTE 
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BLEND 



so 



FINISHED TABLET BLEND 
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The resultant blends are then directly compressed into tablets or made into micropellets. If micropellets are made, 
they are option overcoated with conventional coating adjuvant(s) and then tableted or filled into capsules. 
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Examples 



Example 1 summarizes comparative studies of the properties of gepirone ER and gepirone IR dosage forms. The 
extended release (ER) compositions and dosage forms therein are useful in accordance with the invention. 
5 Example 2 shows useful formulations and dosage forms made according to the invention. 

Example 1 : 



Twelve healthy, male subjects, ranging in age from 19 to 36 years (mean ± standard deviation of 24.1 ± 6.0 years) 
10 and weight from 56.6 to 86.0 kg (mean ± standard deviation of 72.8 ± 9.7 kg), participated in the study after signing an 
informed consent form. 

The formulations indicated in Table 1 were used in these tests. 



Table 1 



Compositions Tested in Human Subjects 




E.R. 


I.R. 




1 


2 


3 


4 


Gepirone HQ (mg) 


10 


10 


25 


5 


HPMC (mg) 


187.4 


280.0 


290.0 




Cellulose (mg) 


40,0 


56.0 


61.0 


122.0 


Si02 (mg) 


1.0 


1.6 


1.6 




Magnesium stearate (mg) 


1.6 


2.4 


2.4 


1.3 


Lactose (mg) 








375.7 


Sodium starch glycolate (mg) 








17.0 



This was an open, randomized, 4-session aossover study balanced for first order residual effects. Each session 
was separated by a 7-day washout period. All the subjects received, in an order determined from the rows of a 4 x 4 
Latin square, a single 20 mg dose of ER gepirone (2 x 10 mg tablet with T-50 = 2.5 hours: Treatment 1). a single 20 mg 
35 dose of ER gepirone (2 x 10 mg tablet with T-50 = 5.0 hours; Treatment 2), a single 25 mg dose of ER gepirone (1 x 25 
mg tablet with T50 - 5.0 hours: Treatment 3). or 10 mg IR gepirone capsule given every 12 hours (i.e.. q12h) (2 x 5 mg 
capsules; Treatment 4). All doses of gepirone were administered with 200 ml of water. 

Blood samples were taken pre-dose, at 0.25 hour intervals for the first hour and a half, and then hourly. The 12 hour 
sample was taken prior to the administration of the evening IR dose. 
7 Plasma was separated and samples were assayed for gepirone and lrPP using a validated gas chromatographic- 
mass speclrometric (GC-MS) method similar to that reported for buspirone. See Sciacca et al, "Simultaneous Quanti- 
tation of Buspirone and 1 -(2-Pyrlmidinyl)-piperazine in Human Plasma and Urine by Capillary Gas Chromatography- 
Mass Spectrometry," J. Chromatoq .. 428 : 265-274 (1 988). 

The following parameters were calculated by methods disclosed in Gibaldi et al in Pharmacokinetics . 2nd Ed., pp. 
45 409-471 , (1982): Marcel Dekker. Inc., New York; and Reigelman et al in "The Application of Statistical Moment Theory 
to the Evaluation of in vjys Dissolution Time and Absorption Time." J. Pharmacokin. Biopharm .. g; 509-534 (1980): 
maximum plasma concentration (Cmax) and its corresponding time (Tmax), the area under the plasma concentration- 
time curve from time zero to 30 hours (AUCo-so) and from time zero to infinity (AUCint), and the elimination half-life 
(T1/2). Cmax and Tmax were recorded from observed data. The terminal elimination rate constants (p) were estimated 
50 from the slope of the best fit terminal log-linear portion of the plasma concentration-time cun/e. The elimination Tiy2 
was estimated by dividing 0.693 by p. The AUC to the last measurable time point was calculated by a combination of 
linear and log-linear trapezoidal rule, and extrapolated to infinity. 

Evaluation of absorption kinetics for gepirone was carried out using the method described by Wagner and Nelson 
in. "Kinetic Analysis of Blood Levels and Urinary Excretion in the Absorptive Phase after Single Doses of Drug," A. 
55 Pharm. Sci .. 53:1392-1403 (1964). 

The fraction of gepirone absorbed as a function of time (Ft) was computed for each subject as follows: 



(Ft) = [{Ojfk + AUCo.T)/AUCi„J x 100 
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In the numerator, Cj is the concentration of gepirone at time. T and k is the elimination rale constant obtained from 
treatment 4 (IR formulation) calculated using noncompartmental methods. In the denominator, AUCjnf us calculated as: 

AUC,^ = AUCo.-r + CT/k 

5 

where k is the elimination rate constant from treatment 4. 

The results are calculated for individual subjects and plotted as mean plasma concentration (ng/mt) or mean cumu- 
lative percent of drug absorbed versus time. See Figures 1 through 4. 

Rgure 4 clearly shows that the oral gepirone ER formulations release the phamnaceutical agent at a rate such that 
10 about 18 to about 24 hours are required for about 90% of the agent to be absorbed. 

Example 2: 

Formulations A-l. set out In Table 2, have been made into tablets for oral administratioa Table 3 shows concentration 
75 ranges for all of the ingredients employed in the tablets. 
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These tablets were made as described infra. 
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Mr. per tablet (ivl%) 










In^edient 


A 


B 


Q 


D 


E 


£ 


G 


H 


i 


10 


Cepirone HQ 


2.0 
(0.59) 


5.0 
(1.45) 


20.0 
(5.33) 


10.0 
(2.86) 


5.0 
(1.45) 


10.0 
2.86) 


20.0 
5.33) 


2.0 
(038) 


40.0 
(10.67) 




HPMC "(100,000 cps) 


280.0 
(82.1) 


280.0 


290.0 
(773) 


2S0.0 
(80.0) 


280.0 
(81.2) 


280.0 
(80-0) 


290.0 
(77.3) 


280.0 
(81.9) 


290,0 
IT? 


15 


Miaocrystallinc cellulose NF 


562 


56.7 
(16.4) 


61.8 
(16-5) 


56.6 
(16.2) 


563 
(163) 


56.3 
(16.1) 


613 
(163) 


563 


413 
(11.0) 


^ 


Colloid ial silicon dioxide 


1.6 

(-5) 


1.6 
(.46) 


1.6 
(.42) 


1.6 
(.46) 


1.6 
(.46) 


1.6 
(.46) 


1.6 
(.43) 


1.6 
(.47) 


1.6 
(.43) 




Magnesium stearate 


12 
(35) 


1.2 
(35) 


1.2 
(32) 


1.2 
(34) 


1.2 
(-35) 


1.2 
(34) 


12 
(32) 


1-2 
(35) 


12 
(32) 


25 


Yellow ferric oxide 


0 


03 
(.14) 


0 


0.4 
(.11) 


0.5 
(.15) 


0.5 

(.14) 


05 
(-13) 


0.5 
(.15) 


03 
(.13) 




Red iron oxide pigment 


0 

(0) 


0 

(0) 


0.4 
(.11) 


0.2 
(.06) 


0.4 
(.12) 


0-4 
(.11) 


0.4 
(-11) 


0-4 
(.12) 


0.4 
(.11) 
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*HPMC = hydroxypropyl methylccllulose KIOOM, 220S CR grade (Dow Chemical, Midland, Mich.) 
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Concentration Ranges 


Ingredient 


Parts 


Wf/o 


Gepirone HCI 


2.0 to 40.0 


0.50-12.0, pref. 0.5-11 


HPMC 


280.0-290.0 


70.0-85.0. pref. 77.0-83.0 


Microcrystalline Cellulose 


40.0-62.0 


10-20. pref. 11-16.5 


Colloidal silicon dioxide 


1.0-3.0 


0.3-0.4,.pref. 0.4-0.5 


Yellow ferric oxide 


0.3-0.6 


0-0.5. pref. 0-0.15 


Red iron oxide 


0.1-0.5 


0O.5, pref 0-0.4 


Magnesium stearate 


1.0-7.5 


0.31.0, prel 0.30.4 
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Typical procedures for nnaking tablets are: 
Procedure A 

A blend was made of the colloidal silicon dioxide, along with the optional yellow/red colorant(s). the gepirone HCI 
and approximately 20% of the hydroxypropyl methylcellulose for 5 minutes in a 1 40 quart Hobart planetary mixer set at 
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speed setting No. 1 was satisfactory for a 330.000 to 350.000 tablet batch. The blend was milled to deagglomerate. by 

passing it through a fitzmill equipped with a #000 plate, Impact forward operating at high speed. 

The milled material was mixed with the remaining hydroxypropyl methylcellulose. the miaoaystalline cellulose and 

half the magnesium stearate. This mix was blended in a Lodige Model FKM-600 mixer at 75 rpm with the chopper off 
5 for 3 minutes. The blend was slugged with a 1 1/4" flat-faced tooling on a Colton250 tablet press. Slugging the blend 

with a 5/8" flat-faced tooling on a Stokes BB2 tablet press was satisfactory for a 1 .05 million tablet batch. The slugs were 

then passed through a Fitzmill equipped with a #2A plate, knives forward operating at medium speed. 

The milled material was blended with the remaining magnesium sterate in a Lodige Model FKM-600 mixer with the 

chopper off at 75 rpm fa about 2 to 3 minutes. The finished blend was compressed into tablets. 
10 Formulations A-H were made using Procedure A, which is preferred. 

Procedure B 

Sanple I was prepared using a procedure similar to that above. However, preparation varied in that: (1) the entire 
15 blending step took place in a 20 quart planetary mixer to yield a 69,000 tablet batch; (2) the blending of the deagglom- 
erated material with the remaining HPMC, cellulose and half the magnesium sterate took place in a Lodige Mode FM- 
100 mixer at 120 rpm. for 3 minutes with the chopper off; (3) the blend was slugged with a 5/8" flat-faced, beveled edge 
tooling on a monesty B3B tablet press; and (4) the final addition of magnesium stearate was made via blending in a 
Lodige Model FM-lOO with the chopper off at 120 rpm for 3 minutes. 
20 Procedure B is an effective method of making tablet blends. f 
Reasonable variations, such as those which would occur to one of ordinary skill in the art, can be made herein 
without departing from the scope of the invention. 

Claims 

25 

1. A pharmaceutical composition useful for making an oral extended release gepirone dosage form comprising: 

(a) from about 0.5 to about 12.0 wt% gepirone hydrochloride; 

(b) from about 70 to about 85 wt% of a pharmaceutical ly acceptable cellulosic polymer matrix; and 

30 (c) suitable amounts of one or more pharmaceutically acceptable excipients, wherein the release rate of 

gepirone from the dosage form is such that about 1 8 to 24 hours are required to attain from about 90 to about 
95% absorption of gepirone. 

2. The composition of claim 1 wherein (c) includes at least one of: colorant, microcrystalline cellulose, colloidal silica 
35 and magnesium stearate. 

3. The conrposition of claim 2 wherein (b) is hydroxypropylmethylcellulose having a viscosity of from about i 5,000 cps 
to about 100.000 cps. 

40 4. The composition of claim 3 consisting essentially of: ( 

(a) from about 0.5 to about 1 1 .0 wt % gepirone hydrochloride; 

(b) from about 72.0 to about 83.0 wt% hydroxypropylmethylcellulose; 

(c) about 01 to about 0.7% total colorant; 

45 (d) about 1 0.0 to about 20.0% microcrystalline cellulose; 

(e) about 0.3 to about 0.6% colloidal silica; and 

(f) about 0.3 to about 1 .0% magnesium stearate. 

5. The composition of claim 4 containing: 

so 

(a) about 5.3 wt % gepirone hydrochloride; 

(b) about 77.3 hydroxypropylmethylcellulose having a viscosity of about 100,000 cps; 

(c) from about 0.1 to about 0.2% iron oxide pigments; 

(d) about 16.5% microcrystalline cellulose; 
55 (e) about 0.4% colloidal silica; and 

(f) about 0.3% magnesium stearate. 

6. An oral dosage form comprising the pharmaceutical composition of claim 5. 
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7. The composition of claim 4 containing: 

(a) about 2.7 wt% gepirone hydrochloride; 

(b) about 80.0% hydroxypropylmethylcellulose. having a viscosity of about 100.000 cps; 

(c) from about 0.6 to about 0.9% tola! colorant; 

(d) about 0.4% colloidal silicon; and 
(f) about 0.3% magnesium stearate. 

8. An oral dosage form comprising the composition of claim 7. 

9. Use of the composition of claim 1 , for manufacturing a medicament for oral administration, 

10. Use of the conposrtion of dalm 5. for manufacturing a medicament for oral administration. 
15 11. Use of the composition of claim 7, for manufacturing a medicament for oral administration. 

1 2. An oral dosage form comprising micropellets of the composition of claim 1 . which micropellets are tableted or filled 
into capsules. 

13. The dosage form of claim 1 1 wherein the micropellets are overcoated with a pharmaceutically acceptable coating 
adjuvant. 

14. An oral dosage form comprising direct compressed tablets of the composition of claim 1 . 
25 15. An oral dosage form comprising directly compressed tablets of the composition of claim 5. 

16. An oral dosage form comprising directly compressed tablets of the composition of claim 7. 
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